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Integrated building simulation
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Integration

Advantages:

~ ESP-r and Radiance are based on
fundamental physical models,

_ Both tools open source, well used and
validated, and

~ Quicker developments possible.
Disadvantages:

~ Must ensure consistency between data
models.




History

Work started as an Msc
project in 19983.

Further developments
through 1990s in EU
funded projects.

Development continues &
present on an ad hoc
basis to take advantage
of new Radiance
features.




Controlling Radiance

Redirecting blinds ) | Ordinary blinds | No blinds | N eed to d efi n e
| i K ‘| purpose:

_ Internal view,
_ External view,
_ Daylight factor
~ Glare, or

~ Control sensor

Diztance from facade {(m)




Internal/external views

Cheap and cheerful
images:

av set to default
values (1 or 10),

Image quality and
detail level set to
medium, and

llluminance variation
set to high.
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Glare assessment

Accurate renderings
required:

_ Ambient bounces
permitted

~avsetto 0.0

min GYCP=17%

_ Image quality,
variability and detall
as before.

~ UGR default glare
guantification.

min GYCP=33%

min GYVCP=31%




Daylight factors

Accurate ray tracing wi
rtrace:

Use rad to set majori
of parameters, and

—— _ lterative approach
adopted to set ambie
parameters.

under overcast sky conditions for specular light shelf
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Daylight factors

lterative approach:

ab=1, ad and as set
by rad,

Double value of ad
until converged,

Now double as (limit C
ad/2), and

Finally increase ab.




Luminaire control

Radiance used to
calculate sensed
Hluminance.

Arbitrary complexity
accommodated.

Control action affects
all other modelled
domains.




Luminaire control

Closed Loop - Partially Shaded Sensor Integral Reset - Fully Shaded Sensor
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Integrated simulations

Daylight coefficients:

Sky subdivided into
145 patches,

Contribution from
each patch pre-
calculated,

Fast integrated
simulation.




Integrated simulations

Direct coupling:

ESP-r RADIANCE

Climate parameters: sun ES P-r and Radlance

position, solar irradiance, etc. Sky model

Zone parameters: blind position, u Sed Seq U e ntl al Iy,

glazing transmittan ce, etc. Window model

v v -
Energy simulation interrupted Internal N O p re - C a | C u I at | O n y

illuminance
Energy sinntlation proceeds distribution

Photocell actuation and - Depend I ng On

e complexity of model
i intermal heat gains can be more or less
computationally
Intensive.




Integrated simulations

Comparison of direct coupling strategies
isalf learming vs fundamental algorithm)
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Calculation point (solar position and fluxes)

Self learning with dir
coupling:

Use previous resul
applicable,

Variables — solar
position, direct/ diff
ratio and blind
position,

Regression equatig
based.




What next?

Daylight coefficients
Glare assessment
Solar irradiation

Surface properties




Problem: time, location, orientation, sky and
blind conditions specific.

Need: measurement that copes with these
variations..?




Solar irradiation

June 06 09.00

Problem: solar irradiation of building surfaces in
arbitrarily complex environment.

Needs: Radiance to calculate irradiation for use i
thermal calculations.




Surface properties

Tools: digital camera and luminance gun

->normpat image -> plastic material with
measured reflectivity -> error?




Conclusions

Integration of open source
physically based models
allowing greater insights to
building performance

Human interactions/ comfort
needs better understandmg
and implementation in
algorithms

Input databases required
(surface properties etc.)



